SECTION I.-FOR PAIN. Case I.-F. H., aged 50, used to be the secretary of an insurance company before his illness. As he has always been of very methodical habits, and has kept a diary, the history of the onset of his symptoms is exceptionally precise and reliable.
History: January, 1896-first noticed the loss of sensation in the left foot. February, 1896-first had pain in the left foot. September, 1897-the left foot swelled suddenly. November 1897-first noticed lameness; occasional pain noted in the right leg and foot. March 1898-swelling of the left knee. May, 1898, till August of the same year, was an in-patient at Queen's Square Hospital for Paralysis, under Dr. Ormerod. There, for the first time, he had difficulty in micturition. For the next ten years the pain continued without much alleviation, occurring in severe paroxsysms once or twice a week. It has always been most severe in the left leg from above the knee to the extremity of the foot, but the right leg has also been the seat of a good deal of pain. Since 1898 he has only been able to walk with the help of crutches, because of the pronounced ataxia and the deformity of the left foot and knee.
Condition prior to operation (August, 1909) : He is a heavily built man, well nourished, and perfectly healthy except in respect to the nervous system. Left leg: The knee is much swollen, measuring 221 in. in circumference (as compared with the right, which is 15 in.); there is much bony thickening and free fluid with several large loose bits of bone; an extreme valgoid position is present amounting to about 3Q0, whilst there is nearly 15°of lateral mobility. The left foot is also in the condition typical of a Charcot's joint, being flattened, everted, and deformed. The pain which is present in both legs is much worse in the left, feels as if in the bones, is liable to severe exacerbations about every third day, which last about seven to eight hours, generally at night, and is more relieved by antipyrine (30 gr.) than by any of the other innumerable things which he has tried. The sensibility to tactile, painful and thermal stimuli is greatly impaired in both legs. This impairment of sensation in the left leg extends almost to the groin, in the right to the knee. The loss of sensation amounts to a dulling of perception, with great delay, but not absolute anaesthesia.
Laminectomy (August 16, 1909) : The ninth dorsal spine was first removed in order to allow the turning up of a large osteoplastic flap containing the tenth dorsal to the first lumbar laminae inclusive. After Surgical Section opening the dura it was found necessary to take away the second lumbar lamina as well, in order to gain sufficient view. About 1 cm. was resected from each of the following posterior nerve-roots on the left side-viz., the L3, 4, 5, Si, 2, 3. The resection was done as close as possible to the junction of the roots to the cord. For three days after the operation he had very severe pain, chiefly in the left foot, which required i gr. to i gr. morpghia, to be repeated twice a day. The bladder had to be emptied by catheter from this time onwards until he was able to get up.
Excision of the left knee-joint (August 30, 1909) : The disorganized joint was excised, many large, loose pieces of bone removed, and the femur and tibia united by means of a mortice joint. The operation, which lasted one and half hours, was borne well, without any anwsthetic whatever, either local or general. After it was over he was a little pale and complained of feeling tired, but otherwise he had no sensation or discomfort from the operation. The wound healed by first intention with a good, firm, fibrous union between the bones. Osseous union was prevented by the strong involuntary contractions which were constantly taking place in the muscles of the leg.
Recovery from the operation was uneventful except for an unfortunate attack of suppurative parotitis on the left side, which required an incision. He returned home on October 21, 1909. He had a nMtall pressure sore on the left heel which was somewhat slow in healing. On two occasions the actual cautery was applied to this without causing him any discomfort.
Present condition (February, 1911) : I have asked the patient to give his own opinion as to his present condition, and the benefits he has derived from operative interference. He writes: " The pain in the left leg has certainly been much less severe than previously. There has, however, been pain, though more of the gnawing than of the shooting description. I suffer enough, though, still to make life a doubtful blessing, and without antipyrine and heroin I hardly think I could go on with it. I do not think I would undergo the operation again, but if I had to do so would have it done on both legs. It has not affected my locomotion at all. If the pain I experience in my right leg were modified as it has been in the left, it would not then be unbearable. I only wish that the nerve operation could have been as successful as that of straightening the leg was."
From an objective point of view, the left leg has lost sensation completely, right up to the fold of the groin and round the iliac crest 201 ( fig. 1 ). Tactile, painful, and thermal sensations are all quite absent over the whole of this area, but that of tactile sensation is not -quite so extensive as of the other two forms, by about 2 in. The limb is well nourished, but he has had on more than one occasion some superficial ulceration between the toes, which has healed readily under ordinary treatment. He wears a leather splint for the knee.
Case II.-R. S., aged 39, a married woman with four children.
History: In 1907 she had a severe attack of puerperal pya3mia, which necessitated several operations for the opening of abscesses, the largest of which was over the left iliac crest, and was associated with partial necrosis of that bone. In the beginning of 1909 she had phlebitis in the left leg, with a large indolent ulcer over the shin. This was the beginning of the pain, which has continued ever since. By the autumn of the same year the pain had become so unbearable that she begged to have the limb amputated.
First operation (September 1, 1909) : Laminectomy. Division of posterior spinal nerve-roots. The lamine of the last two dorsal and the first lumbar vertebrm were removed, and the roots of the fourth and fifth lumbar, and the first, second, and third sacral roots on the left side divided. She had a good deal of pain in the back and left leg for about a fortnight after this operation, but then was much easier for a month. However, as very little loss of sensation could be detected in the left leg it was feared that the division must have been incomplete. This was confirmed by a speedy return of the pain in all its former intensity.
Second operation (October 8, 1909) : The lumbar enlargement of the cord was exposed by opening the former scar, cutting through very dense cicatricial tissue. This gave a much more bloodless field of exposure, and it was found that in every case sohe of the nerve filaments had been left to each divided root. These were now completely resected. After this the leg was absolutely anesthetic to withi.n a hand's breadth of the groin. No painful, tactile, or thermal impression could be felt in any part of this area, nor had she any idea of the position of the limb. On first attempting to walk the leg was thrown about in the most wildly ataxic manner, but this slowly improved in time.
After-history: For some few weeks she had relief from pain, but it then began to be as bad as ever. The pain nearly always began at night and continued for many hours, making her roll about in agony and threaten to take her life. She said she felt as though the pain was driving her out of her mind, and this fear proved to be well founded, and she had to be removed to the Fishponds Asylum, where she remained from April 22 to October 3, 1910 . For about a month of this time she was wildly maniacal, and it was necessary to place her in the padded cell. Her mental condition slowly improved, but the pain in the leg never wholly left her. On returning home she became much worse, and I admitted her again to the hospital for observation in January, 1911, but again she had to be taken to the asylum, where she now is. During both attacks of insanity the pain in the leg is better, then after she has F-IG. 1..
Leg from Case I showing areas of anaesthesia and analgesia. The latter is the larger, and is delimited by x x x. been discharged from the asylum-where she gets good food and fresh air-and goes to a poor home, where she has every encouragement to ill-health, the pain begins. again.
Judging from a priori arguments we should certainly have supposed that in the section of the posterior spinal roots we have a certain means of curing peripheral pain, and yet we have the very remarkable phenomenon of complete and lasting analgesia associated with a continuance of a subjective feeling of pain. And it is easy to satisfy oneself that this 203 result is the general rule and not the exception in similar instances recorded in the literature.
Among the sixteen cases collected by Jacoby [10] in 1907 there are only six.in which the pain is said to have been completely cured. In six others there is said to have been great relief, and of the remainder there is a significant silence about the after results.
Knapp [11] has recorded two cases: (1) A man, aged 40, alcoholic; in 1890 the leg was amputated after some accident; then during the next five years he had several excisions of the stump and of the bulbous nerve-ends for pain, and finally in 1896 the posterior roots of the sacral plexus were divided, but he died of shock. (2) A man, aged 25; amputation in 1898 of the right arm below the elbow on account of a severe crush: great pain in the stump required four operations for the removal of bulbous nerve-ends. The nerves were injected with osmic acid, the limb was amputated higher up, but with no avail. In 1899 he was nervous, hysterical and generally wretched. In 1902 the C6, 7, 8, and DI right posterior roots were resected. He was free from pain for some months and then becanme as bad as ever. Two years later he developed spastic paraplegia and at that time and up to 1907 the original pain was as severe as ever, although the cord was re-exposed and the division of the roots assured. Chavannaz [5] relates the case of a man aged 68 who had severe intercostal neuralgia on the left side from the axilla to the mamma, which persisted in spite of excision of the corresponding intercostal nerves. The posterior roots D1-4 on the left side were resected, but the result was only some amelioration but not cure. Hildebrand [9] gives an account of three cases: (1) Woman, aged 48; luetic neuritis of arm, which was relieved by no drugs; the roots of seventh and eighth cervical nerves were cut (February 23, 1910); relief for a time, but the pain soon returned. A second operation on April 16, 1910, divided the sixth cervical and first dorsal, but sudden death occurred at the end of the operation from heart failure. (2) Man, aged 62. October, 1909-Pain in right hip, thigh and leg with some nuscular wasting; arterio-sclerosis, cedema, and cyanosis of feet. Operation, June 1, 1910: Laminectomy of LI-S. Resection of right posterior roots. Pain temporarily relieved, but by July 15, 1910, the pain had recurred as bad as ever in the right leg. (3) Woman; operated on seven years before, for breast cancer. Metastatic growth in left brachial plexus. Severe pain in arm. Operation July 16, 1910: Laininectomy with resection of C5-8 Dl-2, good recovery. Patient declared she still had pain. This was considered due to the fact that she still craved for morphia.
These are all the cases of this kind that I have been able to collect from the literature, and they are enough to show pretty clearly what the general results have been. Some analysis of the details of the twenty-four cases included in Jacoby's list and those I have added may serve to emphasize the points of importance.
Sex.-Seventeen were males and six females; in one the sex is not mentioned.
Age.-In nineteen cases the age is given and the average is 41. The oldest was 68 and the youngest 15.
Exciting Cause.-This is mentioned in ten cases: Tabes, one; cancer of the brachial plexus, two; pywemia, one; trauma, four; syphilitic neuritis, one; athetoid paralysis, one.
Region Affected.-Arm, fifteen; leg, six; intercostal areas, three. Immediate Result.-Death occurred in, four; recovery in, twenty. Late Results.-Complete cure of the pain, six; moderate or partial relief, six; failure to relieve the pain, three; not mentioned, three; died within a few weeks (the two cancer cases), two.
Nervous and Mental Sequelw.-Moderate degree of Brown-Sequard paralysis, one; spastic paraplegia (occurring some years after an operation on the brachial roots), one; morphia habit (acquired before the operation), three; insanity or other neurosis, three.
The point of the greatest interest in these cases is the failure of the resection of the posterior nerve-roots to cure the pain in the corresponding areas, in about three-quarters of their number. A certain number of these cases may be accounted for by supposing either that not enough of the roots had been divided, or that the division had been incomplete. But probably the majority are not susceptible of this explanation, and those I have related are among such, for in both these there was the most absolute loss of every kind of sensation, so that one patient could have his knee-joint resected without an ansesthetic, and yet pain is still referred to the same area. It is easy to understand that. the relief from pain would not be immediate, or that it might for a time be increased, as it usually is, but when the ascending tracts of the cord have had time to completely degenerate, it is hard to understand where the pain comes from. In the case of facial neuralgia, the removal of the sensory ganglion or the division of the root of the fifth cranial nerve proximal to that ganglion causes immediate and lasting freedom from pain. Why is the result different when the neuralgia is in the area supplied by the spinal nerves ? In some cases, such as the second I have related, the pain is evidently of psychical origin, and in her case it alternates with absolute insanity.
From a practical point of view it is clear that we must give a very guarded prognosis as to the results likely to be attained by resection of -the posterior roots for pain. But it is certainly a more rational and more hopeful proceeding than that of amputating a limb, for the former may cure, it often relieves and it does-not mutilate, whilst the latter never cures, although it involves the sacrifice of a member.
A., a labourer, aged 34. Symptoms: Pain, emaciation and vomiting.
History: Had always been healthy until two years ago, when he first began to suffer from vomiting and loss of flesh. For the last few months he has had daily lavage of the stomach, which has given him some relief. I saw him with Dr. Grier, of Mevagissey, and we diagnosed his condition as being due to some form of pyloric stenosis. I admitted him to the Bristol General Hospital on August 1, 1910. Condition: The most notable thing about hiln was his great emaciation; he seemed to be a walking skeleton, weighing only 85 lb. He vomited several times a day, and had a great deal of epigastric pain. The stomach was dilated and displaced downwards to one finger's breadth from the navel, and splashing sounds could always be elicited over the organ. First operation (August 2, 1910) : Gastro-enterostomy. The stomach was found to be dilated and prolapsed so that the pylorus appeared to be kinked. There was no evidence of ulcer or new growth. The usual posterior gastro-enterostomy was performed. He derived no benefit from this proceeding, but was sick as before. About a fortnight after he complained of severe shooting pains in his legs, which suggested the idea that he might have tabes. Further examination by Dr. Carey Coombes confirmed this. There was complete absence of knee-jerks, Argyll-Robertson pupils and Romberg's sign. The pain which we had mistaken for indigestion was in reality a girdle pain, due to the tabes.
Second operation (August 26, 1910): Laminectomy; resection of the posterior dorsal roots. Through a median incision the laminae of the fifth to eighth dorsal vertebre were removed and the seventh to the tenth dorsal posterior roots resected on both sides. (See fig. 2 .) Suurgical Section 207 After-history: For a few days he suffered an exacerbation of his pain, but this quickly disappeared and he was free from vomiting except on one or two occasions shortly after the operation. He took his food well, but although on full diet he never gained flesh. This was largely due to the fact that he had several large loose actions of the bowels daily, which no kind of medication had any effect in arresting. He died quite suddenly on Septenmber 21, although at this time he was well enough to get up each day anid go out of doors.
Autopsy: This was performed by Professor Emrys Roberts. Nothing, abnormal was found, apart from the condition of the nervous system '13
The shaded area shows the loss of sensation in Case III after the operation. and the extreme wasting. The gastro-enterostomy junction was firmly united and the laminectomy wound was soundly healed.
Structural changes in the cord: I am greatly indebted to Dr. Rendle Short, the senior demonstrator in physiology, for a most careful and exhaustive examination of the cord. He could not find any evidence of tabes in the lumbar region. The dorsal and cervical regions show the degeneration of the posterior columns which results from the resection of the posterior nerve-roots in the dorsal region. Many of the cells of the anterior horns of the grey matter in the dorsal region show marked chromatolysis.
Note on the Degenerations and Cell Changes resulting from Section of the
Posterior Nerve-roots in Maan, by A. Rendle Short, F.R.C.S. The material for this investigation was obtained from a patient in whom Mr. Hey Groves had four weeks before death divided the posterior nerve-roots from the seventh to the tenth dorsal on both sides for paroxysmal abdominal pain diagnosed as gastric crises of tabes dorsalis. The patient died of asthenia, weakened by an attack of diarrhoea.
Unfortunately the brain and spinal cord had been put into unsuitable hardening materials before they reached me, and had moreover been allowed to become dry for a few hours, which spoiled the extreme periphery of the white matter of the spinal cord. A more serious drawback was that I was unable to obtain any good results with either Marchi's or Donaggio's differential stains for degenerated white fibres, as the material was too bard for Miller's fluid to penetrate. Degenerated Tracts.-For the reason stated, negative results were obtained with Marchi's method and Donaggio's three hamatoxylin methods. Nor did the Pal-Weigert stain bring out any degenerated fibres anywhere, presumably because the nerve-roots were divided too recently. There was, however, a perfectly definite wedge-shaped degeneration in the middle of the posterior columns in the cervical region shown by Van Gieson's stain, and also by aniline blue-black and by toluidin-blue ( fig. 3 ). The base of the wedge abutted upon the posterior surface of the cord, and the apex did not quite reach the grey commissure. This area of course corresponds to the distribution of the long ascending fibres of the column of Goll, cut off from their trophic centres in the posterior root ganglia by the operation. As might have been expected, no descending degenerations could be traced. Sections of the various regions of the spinal cord, medulla, pons and isthmus, stained by the Pal-Weigert method for any old-staining degenerations, showed nothing abnormal. This discounts the suggestion that the original complaint was advanced tabes dorsalis, although it is still possible that early tabes was present without recognizable changes in the posterior columns.
Cell Changes.-A large number of sections from the cervical region, far above the divided nerve-roots, and also from the lower dorsal region, in the midst of the divided nerve-roots, were stained by the toluidine-blue modification of Nissl's method, and examined for cell changes. A few sections were also examined from the lumbo-sacral region. These presented no abnormalities. In the cervical region, the nerve-cells of both the posterior and the anterior horns were normal in appearance and staining reactions. Nissl granules were abundant in all the cells. I only found one cell in a large number of sections, which was perhaps somewhat deficient in granules. In the dorsal region, however, opposite the severed posterior nerve-roots, there were marked changes affecting more than half the nerve-cells, both of Clarke's column and of the anterior horn. In Clarke's column nearly all the cells were affected, to a varying degree. The nucleus was usually still present, but in some cells appeared to be lost. There were not many cells totally devoid of Nissl granules, but in most of the cells the granules formed a narrow fringe at the edge of the cell, often at one pole only. In the cells of the anteiior horn the changes were less universal, but quite as marked in many cases. Less than half the nerve-cells were normal. In a good many there was an excessive deposit of fat, and only a few peripheral granules remained. In quite a large numnber the changes were extreme; the granules were totally absent, and the nucleus very excentric or entirely lost. These changes, especially those in the anterior horn cells, are interesting and remarkable, and I am not aware that they have yet been described in man. They are, of course, well known to take place in any nerve-cell when the axon coming from it has been cut, and therefore division of the anterior nerve-roots would undoubtedly have led to a similar disappearance of the Nissl granules and excentricity or loss of the nucleus. But in this patient the anterior nerve-roots were not damaged, only the posterior being divided. This was perfectly obvious even in the specimen after removal from the body. It is probable that when all the posterior nerveroots issuing from neighbouring spinal segments are cut, the number of nervous messages received by the anterior horn cells is reduced very much. The changes, summed up under the name of chromatolysis, are the expression in the nerve-cell. of the atrophy of disuse. It will be noticed that some normal cells still remain in the affected regions. The chromatolysis in the cells of Clarke's column is no doubt due to the same cause. It is interesting to notice that there was no degeneration in the fibres of the dorsal cerebellar tract, arising from Clarke's column. It is well known that loss of the Nissl granules is not a nerve-cell's death warrant, but recovery is probably impossible when the nucleus also is lost. The marks of degeneration in the anterior horn cells are accompanied by definite functional symptoms in the muscles they supply. In the particular case in question, where the lower dorsal roots were divided, it would have been difficult to demonstrate this. When the posterior nerveroots from a limb are cut in an animal, there is nearly always a marked disinclination to use the corresponding limb, although there is not actual paralysis present. Of course, the limb is anaesthetic; there is also a loss of muscular tone in the limb. This was well seen in several of Mr. Hey Groves's cases, and indeed a principal indication for the operation of severing the nerveroots is to reduce excessive tone, in spastic cases. The reduction of spasm and the chromatolysis are both the evidences of diminished activity on the part of the nerve-cells.
Some very interesting observations were published so long ago as 1898 by Warrington [141, of Liverpool. He divided various posterior nerve-roots in cats, and also in one case at least in a monkey, and was able to demonstrate exactly the same changes in the anterior horn cells which are described here as occurring in man. In his cats, as in this patient, the nerve-cells in the anterior horn at the level of the injury were not all affected. Some of them were normal, others showed some dissipation of the Nissl granules, and others, again, had lost all their granules and sometimes even the nucleus itself. The cats showed the usual symptows described by many observers, that is to say, they hopped about on three legs, preferring not to use the anesthetic limb.
When this limb was used, its movements were very ataxic. The reflexes were lost, and the muscles were flaccid. These observations have been confirmed in Germany by Brauenig [3] .
The idea that the gastric crises of tabes might be cured by division of the posterior nerve-roots of the spinal segments governing the stomach is due to Professor Otfrid Foerster, of Breslau, who with Professor Kiittner [7] carried out the first operation of this kind in 1908.
His conception was that the visceral crises were due to an exalted reflex action, and that in order to inhibit this it would be necessary to break the nervous arc upon which it depended. As Foerster's original paper is readily accessible, I will refer to it for the fuller discussion of the theoretical aspect of the question and content myself with giving a brief abstract of his case. E. G., aged 47, an architect, had had syphilis for which he had been treated in 1905-08. In 1902 the first attacks of vomiting began and continued until 1908. Each vomiting attack lasted for about a fortnight and was followed by an interval of three weeks' freedom. But towards the latter part of the time named he had only a few days' freedom from vomiting each month. Intense pain accompanied the sickness, and he brought up about I' litres of bilious fluid every twenty-four hours. He had wasted.to.a skeleton, and had yielded to the morphis habit until he was taking i grm. daily; Argyll-Robertson pupils, lightning pains, great hyperesthesia and distension of the abdomen, and paraesthesia in the hands and feet. Every kind of medicinal and electrical treatment had been tried without result. First operation (December 31, 1908) Laminectomy of the fifth to the tenth dorsal vertebrae, dura not opened. The pain and vomiting were much worse after this stage. Second operation (January 1, 1909) Resection of the sixth to the tenth posterior dorsal roots on both sides. After this the pain and vonliting absolutely ceased. The patient could eat anything and rapidly gained weight, increasing by about 4 lb. each week. The patient died nine months after the operation, of phthisis, and during this time he had no return of the gastric crises. (I am indebted to Professor Foerster's kindness in sending me the last-named fact by a private communication, which also mentioned several details about the two following cases of Foerster and Kiittner.)
Foerster and Kuittner's second case was a man who had become greatly weakened by the morphia habit. He stopped breathing during the operation, and artificial respiration had to be performed. He died a few hours after.
Foerster and Kuittner's third case was a man who had had two previous operations performed on the stomach, including a gastroenterostomy. The sixth to the eleventh dorsal roots were divided on both sides and he has completely recovered from the gastric crises, so that at the present time, one and a half years after the operation, he is in good health.
Bruns's and Sauerbruch's [4] case: Patient was a mason who for several years had had gastric and intestinal crises of increasing severity, so that before the operation he often had faecal vomiting. The seventh to the ninth dorsal roots were divided on both sides. The result was excellent at first, but six months later he suffered a relapse, the stomach and rectal crises beiing as bad as ever. This was attributed to an alcoholic excess, and he subsequently recovered, so that he is now able to resume his work as a mason. (Private information from Professor Foerster.) Moskowicz's [12] first case: A man, aged 46, who for three years had had gastric crises. The resection of the posterior roots was followed by a cure which lasted for six weeks, the date of the report.
Moskowicz's second case: This case died two weeks after the operation from sepsis of the wound.
Thomas's and Hall's [13] case: A man, aged 32. Gastric crises of eight years'. duration; weight had dropped to 100 lb. He had the typical symptoms of tabes. In 1905 he underwent a laparotomy by which a few gastric adhesions were found and freed, but this caused no relief. On March 3, 1910 , the seventh, eighth and tenth dorsal roots were cut. On two occasions after the operation he vomited, but he had no further pain or gastric crises. The relief had lasted till July of the same year, but he had not gained in weight, nor had he broken himself of the morphia habit.
Hahn has had one very successful case, and Gulicki several, but I have not been able to obtain the reports of these.
Of the eight cases here collected, the notes of several are too meagre to gain much information from, being merely given in congress reports. But I think that there is enough evidence to prove that the operation is the most radical means of arresting the severe gastric crises of tabes that we have at our disposal. It is too soon yet to say whether the cure is going to be a lasting one. Foerster's third case has remained well for one and a half years, whilst Bruns's case had a severe relapse six months after the operation, but has since again reicovered. Two of the eight cases died as the result of the operation, one of shock and one of sepsis. My case died four weeks after the operation from inanition and diarrhoea, but whether this was because of the operation or in spite of it, it is impossible to say. In all these cases the condition has been allowed to go on for several years (two to eight), and the patients have become extremely ill from the combined effects of pain, emaciation, and morphia. Such patients are in the worst possible condition to recover from a severe operation, and the actual results obtained as regards mortality are better than might have been expected. It is quite clear, however, that if the value of the operation is recognized, cases will be sent to the surgeon much earlier, and in this event there is no reason to regard the operation as a particularly dangerous one. No case ought to be allowed to go for more than twelve months, with gastric crises of increasing severity, which resist the physician's art, without offering him the chance of cure afforded by this radical procedure. Obviously -the patient ought not to be allowed to have morphia or any of the allied drugs, and the operation should, in my opinion, be considered as a much less dangerous alternative than the morphia habit.
Before leaving this part of the subject, it is of interest to refer to two operative procedures of a nature closely allied to that of Foerster. The one is described by Cotte [6] . He had a patient who for five to six years had had very severe gastric crises with other signs of tabes. On January 28, 1906, the abdomen was oppned and the stomach found to be normal in size and appearance. The solar nerve plexus was freed from the coeliac axis and stretched. All pain and vomiting were completely relieved after this operation, and the relief had lasted until the time of the report, three months later. It is difficult to believe, however, that a proceeding of this kind can possibly be of more than temporary alleviation, but it is worth bearing in mind for those cases where the abdomen has been opened on account of intractable vomiting and where no gross disease of the stomach is found. The other is contained in a suggestion by Franke [8] during the German Surgical Congress when Foerster's operation was under discussion. He states that it is possible to sever the posterior dorsal nerve-roots by avulsioD of the intercostal nerves without opening the vertebral canal. In the absence of detailed information it is impossible to express an opinion as to the feasibility of this idea, but it would certainly be an excellent substitute for Foerster's operation in those cases of extreme debility whiere the latter would be dangerous, if it could be carried out efficiently. 'History: She has had spastic hemiplegia since birth, the upper limb having been always more affected'than the lower. Fig. 4 is from a photograph taken at the -age of 5, and shows well the contraction of the hand and arm.
Condition, May, 1910: She is a well-nourished and very intelligent girl, perfectly healthy except for the paretic condition. The right arm is never used, but held at the side with the forearm strongly pronated and the hand flexed. There is, however, no muscular wasting. All active movements are clumsy and uncertain, whilst passive movements provoke a strong and painful spasm. This is particularly the case with the muscles of the hand, and any attempt to straighten the fingers or wrist zauses them to be tightly folded back so that the tips of the fingers touch the front of the forearm (fig. 4 ). The movements of the right leg are much less interfered with, but there is a spastic contraction of the calf muscles which makes her walk on the toe in a position of talipes equinus.
First operation: In view of the fact that the principal disability of the arm was due to the over-action of the muscles supplied by the median nerve, this nerve was exposed at the bend of the elbow, and forcibly stretched. The right tendo Achillis was divided to relieve the spastic equinus. A certain amount of improvement followed these operations, especially in the leg, the walking being greatly facilitated.
Case IV, before operations. The relaxation of the arm spasm was so temporary, however, that within two months the hand was as bad as ever.
Second operation (December 20, 1910) : Posterior root resection. The area over the cervical spine was thoroughly infiltrated with a large quantity of a solution of adrenalin chloride (1 in 50,000). This was repeated at intervals until the actual opening of the dura, and was of the utmost value in securing a bloodless field of operation. It not only greatly shortened the operation, but made the observation of the roots, when exposed, very easy. Only the right halves of the fifth, sixth, and seventh -cervical vertebrae were removed, and through this it was quite easy to resect four roots. I did this for what I took to be the fifth to the eighth posterior cervical roots on the right side, but as subsequent observation showed, I must have cut C6, 7, 8, and DI. On the following day the hand was absolutely flaccid, and afforded the most convincing demonstration of the influence of posterior root resection in abolishing spasm. About a week later, although there was no return of spasm the muscles had regained thelr tone, and it was evident that the long-continued contraction of the forearm muscles had caused a shortening of these, relative to the length of the bones. Either the wrist or the fingers could be extended separately but not at the same time. The hand in Case IV after the operation. Third operation (January 3, 1911) : A portion of both radius and ulna, measuring 3jin., was removed, after cutting with a Gigli's saw. The bones were brought together over medullary pegs without any other sutures.
Present condition: The foreaym is kept on a splint in a position of slight dorsiflexion of the wrist, and is taken down three times a day for massage and movements. She has already acquired some use in the fingers, being able feebly to grasp a pen. The whole hand and fingers can be fully extended, but the thumb is still strongly adducted, owing to the shortening of the intrinsic muscles ( fig. 5 ). Movements at -the /_Y-19 elbow and shoulder can be executed within a small range, which is slowly increasing. If her present rate of improvement continues I hope that within three months she will be able to leave off the splint and use the hand for simple things, such as dressing herself and feeding. Sensation is unimpaired, except over an area extending along the ulnar side of the forearm including the little and ring fingers, and reaching above the elbow for 2 in. The protopathic loss is slightly greater than the epicritic, the margins of the areas for the two forms of sensation being about 1 in. apart above the elbow and i in. in the forearm (fig. 6 ). I saw this patient again in April of this year. The absence of spasm was maintained, but the return of motor power was disappointingly little. The deformity is cured, but the hand still remains almost useless. Case V.-F. P., single woman, aged 33.
Past history: She is said to have had a stroke when 15 months old, and ever since she has been weak in the left arm and leg. For some years past she has been an inmate of the workhouse, and she was admitted to the Cossham Hospital on March 6, 1911. Present condition: She is a well-nourished and intelligent woman, with no disease except the spastic paralysis of the left arm and leg. There is slight wasting and loss of mobility on the left side of the face. Left arm: There is some general paresis affecting chiefly the muscles below the elbow; this is accompanied by spasm with coarse athetoid movements of the hand and fingers. Left leg: There is slight muscular wasting below the knee, the foot is held in a position of extreme equinus, and on attempting to correct this, very marked clonic contractions are set up which are very painful and make her cry; on attempting to walk she holds the foot in extreme plantar flexion, and is often thrown to the ground by the onset of the clonus; it is this liability to be thrown down that makes her unable to earn her living as a domestic servant. The left knee-jerk is much increased. Babinski's sign is absent. The neuro-muscular system is perfectly normal on%the right side, except for a slight increase in the knee-jerk. The whole of the left side of the trunk and limbs presents a marked anasthesia and analgesia.
Operation (March 13, 1911 ): Laminectomy of the eleventh and twelfth D. and the first and second L. Resection of the L2 and 4, S1 and 3 posterior nerve-roots. The blood-pressure only fell from After-history: She made a good recovery, except for some pain in the wound, and a slight attack of cystitis which followed temporary retention. On March 16 the note is: "The muscular rigidity of the left leg is greatly improved, the foot can be dorsiflexed without causing any clonus, and the knee-jerk is absent." But unfortunately this improvement was only of temporary duration, and on April 25 the liability to clonus had returned. She had at that date a good deal of ataxia in the movements of the leg, which made her feel that the operation had left her worse off than before. This case, though a failure Showing areas of loss of tactile and pain sense in Case IV after the operation.
The area of loss of pain is the larger.
from the patient's point of view, is very interesting and instructive from -that of physiology. Professor Foerster gives the LS, SI, S2, as being the segments of the cord concerned in the control of the plantar flexors of the foot; and of these three I only divided the middle one-viz., the SI. This accounts, I think, for the very short duration of the relief of the spasm. The patient refused, however, to have anything further done.
Case VI.-J. C., a labourer, aged 48. Past history: He had been in the Army and had served abroad in Egypt. Had had a sore on the penis, but does not know whether it was followed by any other signs of syphilis. Was quite well until three years ago, when he began to feel weakness in the legs, and pain. Both these symptoms became steadily worse, and for the last year he has -been an inmate of the workhouse infirmary. Admitted to the Cossham 217 Hospital on March 9, 1911 , when his condition was as follows: He is thin and weak, but there is no organic visceral disease. The right eye has a cataract of three years' formation; the left eye has good vision, but the pupil is small, reacting to light, but not to accommodation. All the muscles of the trunk and limbs are flabby and wasted. The left arm is very rigid, being held with the elbow flexed at a right angle. The legs. are kept flexed at the hip and knee-joints and strongly adducted, so that he has to wear pads between the knees and ankles to prevent these parts becoming rubbed into sores ( fig. 7) . Any attempt at extension or abduction of the legs causes him the most intense pain. He finds that Case VI, before operation, wearing a pad between the adducted knees. sitting in a chair is the most endurable attitude, but during the past year the pain has been so severe as to allow him very little sleep.
Operation (March 11, 1911 ): Laminectomy of the Dli and 12, Li and 2 vertebrte; resection of the LI, 3, 5, 81 and 2 (left), Li and 4, S1 and 2 (right), posterior nerve-roots. At the beginning of the operation the blood-pressure was 108 mm., and at the end it was 102 mm.;
and it was observed that the division of the nerves caused no' miore drop in the blood-pressure than any other stage in the operation. After-history: The pain a'nd spasm have completely disappeared from both legs from imiimediately after the operation until the present -date (June 6). The patient has been able to sleep quietly and comfortably, and he expresses himself as greatly pleased with the relief he has been afforded. On April 23, 1911, a tenotomiy Nas done of both the adductors and the haamstrings on each leg, after wlhich the limbs -could be placed in a fully extended and abducted position ( fig. 8 ). It was .then noticed for the first time that the right hip-joint was dislocated, but of the origin of this we have no knowledge. He can stand with crutches, but we have not yet been able to get himii to walk. The wvasting and paresis do not give mluchl grounds for hope in this respect. I do not propose to summiiarize the cases published of this operation when done for the relief of spasm, because Professor Foerster is dealing fully with this and with other general aspects of the question. There are, however, several points of interest about the subject suggested by the cases related that I will briefly touch upon. The Theory upon which the Operationi is based.-Hithelrto, as far as I aml] aware, there has been no definite proof as to the manner in which the division of the posterior roots dimninishes the spasmii emnitted from the miiotor nerves of the samiie segmiient. Warrington's experinmental work, however, supplies this, and Dr. Short has demonstrated in my thirdT case that there does occur in the anterior horn cells and in those of Clarke's column a definite chromatolysis. This change only affects a certain number of the motor cells, and, according to Warrington, some of these recover their normal structure in time. We have here, therefore, a definite anatomical proof of the lessening of the motor activity in these segments where the posterior roots have been resected. In the light of this fact it may be urged that some atrophy and loss of muscular power must result from the operation. But this is shown not to be the case by such examples of the operation afforded by my first two patients, in whom all the posterior roots connected with the leg had been divided, and in whomA at intervals of more than one year there is neither loss of power nor bulk in the muscles.
The best Method of Lantinectomy.-In my first case I adopted the method of an osteoplastic flap, but I think that it has no advantageswhich compensate for the great risk of the ill-nourished flap sloughing, and I should never attempt it again. Taylor's suggestion of a hemilaminectomy is an excellent one when applied to the cervical region. The bifid cervical spines make it quite easy of performance-the oozing surface is reduced to half the area of the usual laminectomy, and the important neck muscles are only interfered with on one side. This method gives, moreover, ample room for dealing with the posterior roots of both sides ( fig. 9 ). In the lumbar region most of thesearguments do not apply. The parts are so deeply placed, that one wants all the possible lateral space, and the medianly placed muscle tendons are of not much importance.
The Question of the Twvo-stage Operation.-On. the Continent the operation has usually been performed in two stages-the removal of the lamina first, and the opening of the dura with the resection of the nerve-roots second. I think that this is not necessary, and that its drawbacks greatly outweigh its advantages. It is designed to minimize the shock which is supposed to be especially great in this operation. This idea arises largely from a theoretical conception that division of a number of sensory roots must cause a grave degree of shock. Butwhen tested by observations on the blood-pressure taken at frequent. intervals throughout the operation, it is seen that no more effect is caused by the division of the nerve-roots than by any other stage in the proceeding. In the last two cases recorded above there was no difference between the blood-pressure taken just before and just after the division of the roots; and at the end of the operation it was only a. few millimetres less than at the beginning. In those cases where much shock occurs during the course of a laminectomy it is probably due to the too free bleeding and to the long time taken in arresting it. If, however, a large quantity (2 oz. to 3 oz.) of a 1 in 50,000 solution of adrenalin be freely injected into all the subcutaneous and muscular tissues, as suggested by Braun [2] , the operation becomnes an almost bloodless one, and since I have adopted this plan (in the last three cases) I have not had to apply a single pair of pressure forceps or ligature to a bleeding point. If, then, the operation can be made quick and bloodless, and if the division of the nerve-roots is not productive of shock, there is left no reason for adopting the two-stage method of attack. The disadvantages of the double operation are, moreover, very great. There is a much increased danger of sepsis, to which a considerable proportion of the recorded deaths have been due. After the first stage there is all the pain of an ordinary laminectomy, whilst the painful spasms or crises are much exacerbated. The risks of the ansesthetic are doubled, and the chances of healing by first intention are diminished.
The Approach to the Lumbo-sacral Roots.-It has usually been advised in dealing with the lumbar and sacral roots, to approach them at their point of exit from the dural cavity. But this necessitates the removal of all the lumbar lamin. These, on account of their size, their depth, and the thickness of the muscles covering them, are the most difficult to remove. It seems to me that it is much simpler a.nd easier to attack the lower roots at the point where they all lie close together at their origin from the spinal cord. This necessitates a smaller removal of laminEe, because the roots lie crowded close together instead of far apart. It is usually quite sufficient to. take away the laminae of the eleventh and twelfth dorsal and that of the first lumbar vertebrae to fully expose the roots of all the lumbar and sacral nerves. The incision is placed higher up the back in a situation where it is in less danger of being fouled by urine, or infected from a bedsore. The differentiation between the anterior and the posterior roots is much easier at the level of the cord than at the exit from the dura. The only disadvantage of the high attack of the roots is the increased difficulty of identifying the various nerves. This may be overcowe by observing that the third sacral root is the last root of any size to be given off from the conus medullaris. This never need be cut for the relief of spasm of the leg muscles, because it is associated with the buttocks and perineum only. The root above it, viz., the second sacral, is the first to be divided, and then each alternate root is removed [ fig. 10 ]. So long as a good half of the afferent roots in the lumbar and sacral regions are divided, the object of the operation is fulfilled, irrespective of the exact nerves cut. In certain cases, such as my fifth, where the main complaint is due to spasm of a single group of muscles, it wouild be better, I think, to divide all the posterior roots concerned with that group, rather than to take alternate nerves. It was because I failed to do this that the result in the case I refer to was so poor.
The Relation of Orthopedic Operations to that of Nerve-root Division.-Professor Foerster has so clearly indicated the general rules for the selection of cases of spasm suitable for the operation that I will only refer to one point. It has been suggested by some, especially by Biesalski [1] , that the nerve operation should not be done until every possible attempt has been made by tenotomies and other orthopeedic operation's to correct the deformities. There are, of course, some slight cases where a simple tenotomy will give great relief, but when there is that excessive spasm which ties up a whole limb in a complicated deformity, it seems to me to be useless to expect any good at all from orthopaedic operations whilst this spasm remains unabated. Both weight extension and splint treatment are very badly tolerated by patients in whom there is active and painful spasm, whereas if this spasm be first abolished by the nerve operation, the ideal conditions of muscular flaccidity and freedom from pain are provided which are so necessary for the correction of deformities.
I would briefly summarize my conclusions as follows:
(1) For the relief of pain the operation of posterior nerve-root resection is a somewhat uncertain proceeding. Cases which present very great pain without any organic disease are often of a highly neurotic temperament, and their pain seems to have an important psychical element, which is not relieved by the operation.
(2) For the relief of visceral crises, the operation holds out the only prospect of radical cure which we know of at present. Only those cases of this kind are suitable in which all other means have failed to give relief, but, on the other hand, it is important not to wait until the patient has become debilitated by emaciation and morphia.
(3) In cases of spasm associated with lesions of the pyramidal tract, the operation has its largest field of usefulness. Spasm is, in all these cases, definitely relieved, and if the pyramidal tract is not totally severed, a great improvement of motility results.
(4) The operation causes definite chromatolysis of some of the motor cells in the anterior horn of the segments involved, and this is probably associated with the lessening of motor spasm.
(5) By the use of adrenalin injections as a preliminary to the operation the procedure becomes an almost bloodless and speedy one. (6) There is no special shock associated with the division of the posterior nerve-roots. (7) It is better to perform the whole operation in one stage. (8) In dealing with the brachial roots it is best to do a hemilaminectomy.
(9) The lumbo-sacral roots are best approached at their junction with the cord, rather than at their point of exit from the dura.
In conclusion, I would express my most sincere thanks to Professor Foerster for the inspiration of his work and writings, and especially for his kindness in coming over to London to explain his views, and to demonstrate the brilliant results which have been achieved by his
